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Abstract 
 The mineral water in Jingyu County, Jilin Province of China, was selected as the research target. Laboratory water-
basalt interaction experiments were conducted to investigate the concentrations and rate of release of aqueous SiO2, a 
characteristic component in the mineral water from this region. Results show that the release of SiO2 from water-rock 
interactions conform to a log-log curve law. In 155-day experiments, the amount of SiO2 released from the basalt 
powder is 138-196 mg/kg, and that from basalt blocks is lower at 46.2-62.6 mg/kg. The pH values tend to be neutral. 
The electrical conductivity of aqueous solutions tends to increase gradually. The release rate of SiO2 is basically 
constant at about 0.04-0.14 mg/kg.d after 155 days. The released silica concentrations and rates are functions of rock 
texture, rock surface area, and reaction time. 
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1. Introduction 
Mineral water is a kind of ground water that discharges naturally out of deep ground or is produced 
artificially by wells, and is not polluted. Mineral water contains a certain amount of mineral salts, trace 
elements and/or carbon dioxide gas. Normally, its chemical composition, discharge rate and temperature 
are relatively stable. 
There are many investigations and reports describing mineral water at present. An Keshi [1] believes 
that about 90% of natural mineral water used for drinking in China has carbonic acid, strontium, and 
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silicate minerals. After studying causes of the mineral water, XIAO et al. [2], Bagdavadze et al. [3] and 
Vinograd [4] consider that mineral water formation is the result of many factors acting together, including 
rock lithology, geological structure and groundwater circulation condition, and geothermal field. Mineral 
water formation is effected by volcanic eruption and rock deposition. When water-rock interaction occurs 
between groundwater and surrounding rocks, certain mineral components in water increase producing 
mineral water. LU [5] studied the influence of mineral water on human health. There many reports about 
mineral water formation, while studies based on geology, hydrogeology and geochemistry are more, but 
investigations about characteristic elements and migration of mineral water are relatively few.  
In this report, we investigate the evolution of the chemical composition and the migration of mineral 
water in Jingyu County, Jilin Province, China. Jingyu County is located in the southeastern Jilin province, 
which is in the continental climate zone; average annual precipitation is 750 mm, and is concentrated in 
June to September. The main aquifers in this county are the sandy gravel aquifer of Quaternary age and 
the basalt aquifer of Tertiary and Quaternary age. The mineral water occurring in the basalt is the focus of 
this study. 
2. Experimental methodology 
In order to further study the formation of SiO2one of the characteristic components of Jingyu 
mineral water, the hydrolytic infiltration experiment is designed. The mechanism of water-rock 
interaction is investigated by measuring the concentration of dissolved silica. Rock samples in 
experiments are taken from Baijiang Spring and Feilong Spring in Jingyu County and drilling borehole 
ZK01 at 67-69 m depth and ZK02 at 80-83 m depth. 
Scheme 1: Powder the rock over 200 mesh sieve, then weigh 300 g and add to a 2 L beaker that has 
1.5 L distilled water to achieve a ratio 5:1 of water to rock. The sampling time is 5, 15, 35, 65, 105 and 
155 days, and each time, 25 mL of solution was withdrawn to determine the pH value, conductivity, and 
concentration of silica in water. And inject the same volume of distilled water to achieve the original 
water level. 
Scheme 2: Get rock samples from drilling boreholes ZK01 and ZK02, and cut the samples into15 
blocks with about 1.5 cm long, 0.35 cm high and 1.4 cm wide. The weights are 24.1 g, 25.4 g, 
respectively. According to ratio 15:1 of water to rock, add 450 mL distilled water. Sampling time and 
experimental operation are the same as in scheme 1. 
3. Results and discussion 
The concentrations of silica obtained from reaction of water with powdered basalt (scheme 1.experiments) 
are shown in Figure 1. The concentrations of SiO2 increase rapidly and linearly with time in the first 35 
days reaching values between 98 to 137 mg/kg, then slow down gradually. The concentration of SiO2 in the 
aqueous solution reaches 138-196 mg/kg when the experiment continues to the155th day. The change of 
pH values during hydrolysis experiments is small and aqueous solution gradually tends to be neutral from 
weak acid. Electrical conductivity of aqueous solution tends to become high gradually from 0.12 μS/cm to 
0.25-0.36 μS/cm on the 155th day for the powered basalt. 
The fitting equation for the curves is set up using the cumulated release curve of SiO2 in Scheme1. The 
cumulative release curve (Fig. 2) fits a logarithmic curve with R2=0.9714, and has good relationships. 
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Fig. 1. Amount of SiO2 released vs. time (scheme 1).    Fig. 2. Fitting amount of SiO2 released vs. time (Scheme 1). 
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Fig. 3. Amount of SiO2 released vs. time (Scheme 2).   Fig.4. Fitting amount of SiO2 released vs. time (Scheme 2). 
 
    Results from scheme 2 experiments with borehole basalts are shown in Fig.3. The amount of released 
SiO2 in the lump rocks keeps increasing at a relatively constant rate, but at a smaller rate than in scheme 
1. The concentration of silica is 23.1-32.1 mg/kg in 65 days and 46.2-62.6 mg/kg on the 155th day. 
Curve fitting equation is established using the curve of the SiO2 concentrations from the hydrolysis of 
basalt pieces in scheme 2 (Fig. 4). It is found that the curve of cumulative release in rock samples 
conforms to the logarithmic curve law. Correlation coefficient R2=0.9788 of fitting equation has good 
relevance. 
In summary, the released amount of silica gradually increases but the growth rate decreases during 
dissolution and hydrolysis. The release of SiO2 conforms to the logarithmic curve law. At the same time, 
the degree of basalt crushing, the contact area of groundwater and basalt and the time that water migrates 
in rocks have influence on the amount of silica in mineral water. 
3.1. The calculation of SiO2 release rate  
According to the experimental data, the release rate of SiO2 is analyzed. The so-called release rate here 
means the mass fraction of SiO2 released into the water by 1 kg rock sample every day. As in Fig. 1 and 
Fig. 3, the quantity of SiO2 released in the early days increases gradually, 32 days later, the rate of 
increase decreases gradually.  
According to the experimental results and the principle of chemical kinetics and environmental 
hydraulics, the release of SiO2 is closely related with time. The released quantity continuously increased 
with time, the release process conforms to the theory of adsorption dynamics, namely, the adsorption and 
desorption shows that the released quantity increases constantly with time. According to this, we can 
calculate the release rate of SiO2 using the following formula: 
1
Fi
Fi
i i
Mv
t t −
=
−
         (1) 
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where  MFi mass of SiO2 on i day (mg/kg); 
VFi    release rate of SiO2 on i day(mg/kg·d); 
 ti    experiment days up to ith  day, (d); 
 ti-1  experiment days up to i-1th  days,(d). 
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Fig. 5 Release rate of SiO2 vs. time (Scheme1).           Fig. 6 Release rate of SiO2 vs. time (Scheme2). 
 
The release rate of SiO2 in Scheme 1 and 2 are determined by equation 1. Then, the release rate of 
silica is plotted versus time (Figs. 5 and 6). As time increased, the release rate of SiO2 decreased and 
gradually leveled off (Fig. 5 and 6). There is great difference in the release rate of SiO2, which is 7.7 
mg/kg.d at the beginning to 0.14 mg/kg.d on 155th days for scheme 1 and 1.7 mg/kg.d to 0.04 mg/kg.d for 
scheme 2.  
Although scheme 2 is closer to the natural system than scheme 1, however, the release rate of SiO2 in 
the natural system should be much smaller than that in scheme 2.   
4. Conclusion 
• The amount of released SiO2 increases with time, but the rate becomes smaller and smaller as reaction 
time continues. 
• The rate of release of SiO2 becomes smaller and smaller as reaction time continues. The release rate is 
basically constant at about 0.04-0.14 mg/kg.d after 155 days, and this is irrespective of the rock 
surface area of contact. 
•  The released amount and rate of SiO2  has a relationship with rock texture and failure degree, and 
interface area of rock and water 
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